The nonspecific background fluorescence which occurs with the fluorescent treponemal antibody-absorption test for syphilis was found to result from a reaction between serum-treated Treponema pallidum organisms and the conjugated antihuman 'y-globulin. It was also shown that -lipoprotein and albumin were the important contributing factors in human serum. Various dilutions of 2.5% trypsin in phosphate-buffered saline specifically reduced background fluorescence under proper test conditions. By employing a trypsin digestion method, a semiautomated procedure utilizing a visual readout has been postulated as feasible.
The use of a label that fluoresces in ultraviolet light and that can be conjugated to antibody to demonstrate its specific combination with bacterial cell antigens was introduced by Coons and his associates (2) . After the publication of this report, fluorescent conjugates were used in the diagnosis of many diseases; in 1960, Deacon and his associates (3) applied the principle to the diagnosis of syphilis. They described a fluorescent treponemal antibody test for syphilis which involved the use of an indirect fluorescent antibody technique with Treponema pallidum (Nichols strain) as antigen. In preliminary studies, these investigators observed that the specificity and sensitivity of the procedure compared favorably with the Treponema pallidum immobilization (TPI) test, and that the technique was relatively simple to perform. Fife and his associates (5) found that a significant amount of nonspecific fluorescence occurred in the FTA-200 procedure described by Deacon and that considerable skill and experience were required to distinguish moderately reactive from nonreactive sera. By use of agitated rinsings, Fife et al. were able to reduce the nonspecific fluorescence sufficiently to allow them to recommend the FTA-100 test in preference to the FTA-200; in addition, they found that the FTA-100 test correlated much better with the TPI test.
Since humans are exposed to nonpathogens which have common antigens with T. pallidum, the relative nonspecificity of the FTA procedure precluded its use in the routine diagnosis of syphilis. This problem was solved when Hunter and her associates (10) showed that a 1:5 dilution of serum with an extract of Reiter treponemes resulted in an increase in specificity. The mechanism involved was presumed to be the consequence of nonspecific antibody binding by Reiter antigen. The high specificity and sensitivity of the fluorescent treponemal antibody-absorption (FTA-ABS) technique prompted our interest in the possible automation of the test. When we began an investigation of the FTA-ABS test by a method (21) suggested by the National Communicable Disease Center (NC-DC), it became obvious that the nonspecific background was so great as to render the procedure impractical for automation in which a final readout would be made by instrumentation. As a result, an investigation was begun to determine the role each of the reagents played in the total nonspecific background. The results of these investigations, the methods used to control the nonspecificity of the FTA-ABS procedure, and the procedural modifications necessary for such control are the subjects of this paper.
MATERIALS AND METHODS
Preparation of the T. pallidum antigen. The Nichols strain of T. pallidum was obtained from J. N. Miller of the UCLA Medical School. The antigen was prepared according to the method described by Miller et al. (17) . The harvested treponemal suspension was standardized according to the NCDC method (21) .
Preparation of the sorbent. The Reiter treponemes were obtained from J. N. Miller of the UCLA Medical School. The sorbent was prepared and standardized as described by Stout et al. (20) , with the exception that the buildup volume from test tube to productionv bottles was 10% of the volume in each case.
AUTOMATION OF THE FTA-ABS TEST
Preparation of the human -y-globulin antiserum. The antisera were prepared with New Zealand rabbits as described by Proom (19) , with the exception that e-globulin was used instead of serum. After each bleeding, the rabbits were allowed to rest for 2 to 3 weeks; then they were reinjected and again bled. This cycle was r3peated four times before the rabbits were exsanguinated.
Conjugation of the anti-human y-globulin. was membrane filtered (Millipore Corp.) and was used in the test as the antigen substitute. The sedimented T. pallidum organisms were suspended in saline (pH 7.2) and were centrifuged at 275 X g for 20 min. We found that the T. pallidum supernatant fluid, on incubation with antisera and conjugate, contributed a minor portion of the total nonspecific fluorescence. In each of the preliminary studies, it was apparent that the nonspecific fluorescence was of two distinct types: (i) an overall "glow" and (ii) fine pinpoint ("salt and pepper" effect) particles which were smaller than most bacteria. The results of these experiments indicated that the chief source of nonspecific fluorescence was the reaction of the conjugate and the serum. The patient's serum was the reagent in the test over which it was most difficult to exercise control. Although all sera produced background, it was known through previous experimentation that lipid or hemolytic sera produced excessive background which made accurate assessment extremely difficult. Experiments were designed in an effort to obtain more information concerning the source of the material in the serum which caused nonspecific fluorescence. Thus, fluorescein-labeled antisera to human #3-lipoprotein, human albumin, and human 7S y-globulin were obtained and were tested as shown in Attempts to remove nonspecificfluorescent background. Using methods including those used by Deacon (3) and Fife (5) , with borate, carbonate, tris(hydroxynethyl)aminomethane, and phosphate buffers at various molarities and pH values, we were unable to remove completely the nonspecific staining background. Some background removal was obtained with solutions in the higherpH and temperature ranges. The results with phosphate buffers at pH 9.2 and pH 10 in the first and second wash at 48 C for 10 min followed by a quick, water rinse to remove salt crystals areshown in Table 3 . Despite reduction in background fluorescence at the higher pH values, a level of nonspecificity remained which rendered impractical an adaptation to automation.
Effect of trypsin on the nonspecific fluorescentbackground. The Table 4 , the pH range for satisfactory trypsin activity was between 7.2 and 8.2, with temperature ranging from room temperature to 48 C and the incubation period lasting for 1 to 10 min. The amount of trypsin in any procedure could not exceed a certain total amount without removal of most of the T. pallidum organisms from the slide, the amount being regulated by the temperature, pH, and the concentration of the trypsin solution. Attempts to add the trypsin solution (i) directly to the antigen solution, (ii) to the antigen after fixation, or (iii) to the antisera-sorbent solution gave less than satisfactory as well as inconsistent results under the varied conditions of concentration, temperature, and pH previously described.
Effect of antigen washing. The appearance and pattern of the nonspecific fluorescent background remaining after trypsin digestion at room temperature led us to believe that the problem was inadequate washing rather than inadequate digestion.
The modified FTA-ABS test at this stage of development required an acetone-fixed antigen to which the antisera-sorbent mixture was applied. In a series of washing experiments in which the antigen was washed before application of the serum-sorbent solution, water was used for up to 90 sec followed by rapid drying. This proved to be the most crucial of the washes. The "glow" portion of the nonspecific fluorescence was reduced in various serum samples. It was so effective that the second wash could be reduced to a 1-min distilled-water bath rinse, followed by 'VOL. 96, 1968 rapid drying of the slide. An example of one such test is shown in Table 5 .
Effect of antigen preparation methods. The use of the washed antigen with trypsin digestion eliminated most of the haze portion of the nonspecific background. However, it was found that the "salt and pepper" effect previously mentioned still remained as part of the background. Since this effect was present in most of the antigen preparations, especially in concentrates, it was assumed that the particles were mammalian cellular debris from the rabbit testes.
To obtain more information on the origin of these particles, we harvested antigens from a series of rabbits using the same standard method for treponeme production but varying the harvest procedures in order to determine whether theparticles would separate by fractional centrifugation. The results of one comparative test are shown in Table 6 . One set of slides was tested by the NCDC procedure and the other set was tested by the trypsin digestion procedure. We found that the particles were primarily associated with certain T. pallidum concentrates and that these particles were more obvious by the trypsin method' than by the NCDC procedure.
It was thought that these particles and T. pallidum cells might possess different affinities for the fluorochrome. In a test in which the fluorescein-labeled anti-human y-globulin was substituted with FITC and fluorescein amine, we found that the low concentration of isothiocyanate caused fluorescence of these particles. A portion of the conjugate was passed through a Sephadex G25 column to remove additional free dye and decomposition products. In comparative tests, it was shown that the Sephadex-purified product had less affinity for the particles; i.e., they were not as brightly stained but were still visible.
Adopted trypsin digestion method (FTA-ABS-T). As a result of the above experiments, the following procedure was adopted as a reference standard for the evaluation of sera with known and unknown titers.
Glass slides etched with a 0.25-cm circle are washed in methanol and flame-dried. A standard loopful of T. pallidum antigen is then put on each circle and air-dried. The antigen is then fixed on the slide by immersion in 10% methanol for 10 to 20 sec followed by rapid drying. A solution consisting of one part serum and four parts sorbent is put on the antigen spot and the slide is. incubated at 37 C in a humidified chamber. The Very light with few particles
The 6713 antigen was from NCDC. slide is then rinsed in distilled water and digested for 10 min with a 1: 30 dilution of a 2.5% solution (final concentration, 0.083%) of trypsin prepared in PBS at pH 7.2. After digestion, at room temperature the trypsin is removed by thorough rinsing in distilled water followed by a 1-min bath rinse in distilled water. The slide is dried in warm air and the reaction spot is treated with conjugate. After incubation at 37 C in a humidified chamber for 30 min, the slide is rinsed in distilled water and is then placed in a distilled water bath for 1 min. The slide is dried and the antigen spot is treated with a drop of 90% glycerine over which a cover slip is placed. The reaction is observed at 400 x under ultraviolet with the darkfield optics of a Leitz microscope equipped with a Schott BG 12 exciter filter and an OG 1 barrier filter.
Comparative results between the NCDC method (FTA-ABS) and the (FTA-ABS-T). Good correlation of results was obtained on 20 unknown serum samples provided as part of a monthly evaluation survey by the NCDC (Table 7) . Further, in contrast to the standard FTA-ABS method, the trypsin digestion slides showed no glow and relatively few fluorescent particles. The absence of background glow in the FTA-ABS-T procedure may account for the nonreactive results obtained on two sera which exhibited variable or borderline reactivity in the FTA-ABS test. In many compara- tive tests, it has been found that the titers of some sera which were variable or borderline by the NCDC procedure remain borderline in the trypsin digestion procedure. In others, as those in Table 7 , the digestion reduced the titer to normal or negative. The trypsin digestion method may give further or better differentiation in this borderline group. DISCUSSION The automation of the FTA-ABS test is dependent, to a large extent, upon the elimination of nonspecific background fluorescence which interferes with instrumented readout. It has been shown that most of this background fluorescence emanates, in the form of a glowing ring, from a reaction between the conjugate, the patient's serum, and the treponemal suspension. Furthermore, it has been demonstrated that (i) ,B-lipoprotein and albumin are the important contributing factors in human serum which controls this nonspecificity and (ii) the nonspecific components become firmly bound to the glass slide and cannot be removed by washing procedures.
Efforts by other investigators to remove the nonspecific fluorescent background have been unsuccessful. However, these investigators have concentrated on treatment either of the conjugate or of the reaction obtained after the conjugate was added to the antigen-antibody reaction.
Among the methods which have been used are (i) washing of the total reaction (1, 3, 5-7, 12, 15) , (ii) absorption of the conjugate with various dry animal powders (4, 8, 11, 13, 14) , and (iii) use of a high-titered conjugate (9, 11) .
Although a number of agents and procedures were employed in our laboratory to reduce the background problem, only the use of dilutions of trypsin in buffered saline under proper incubation and temperature conditions proved successful, provided that the trypsin was properly incorporated into the first or second or both washes. The judicious use of trypsin in this manner resulted in a specific staining of antibody-coated T. pallidum after application of conjugate. It The failure of the trypsin digestion to eliminate the so-called "salt and pepper" background effect has made it difficult to completely automate the process. However, it does allow for adaptation of the method to a semiautomated procedure in which the readout is performed visually. Studies designed to eliminate the "salt and pepper" effect are underway.
